An analog computer model has been developed to study the mechanism of the atrioventricular synchronization in one type of isorhythmic A-V dissociation (pattern I). The computer model simulates the following biological feedback control system: (1) the ventricular pacemaker frequency is independent of arterial blood pressure (analogous to artificial ventricular pacing); (2) the frequency of the atrial pacemaker (usually the S-A node) varies inversely as the arterial blood pressure; (3) the phase difference (P-R interval) between these pacemakers is a determinant of the stroke volume; (4) for a given systemic arterial impedance and heart rate, the stroke volume determines the arterial blood pressure; and (5) after a finite delay, the arterial blood pressure exerts an inverse effect on the atrial frequency, to close the loop. Stroke volume increases progressively as the P-R interval increases from 0 to some optimum value. Stable synchronization can exist only when the mean P-R interval falls within this range of values, because only within this range does negative feedback prevail. Over the range of ventricular pacing frequencies within which synchronization can persist, the mean cardiac output and arterial blood pressure will vary inversely as the ventricular pacing frequency. Synchronization will persist only when there is an adequate closed-loop gain (consisting of the change in arterial blood pressure per unit change in P-R interval and change in heart rate per unit change in blood pressure).
• In the electrocardiogram recorded in one type of isorhythmic A-V dissociation, the P wave oscillates slowly and rhythmically about the QRS complex. This form of the arrhythmia has recently been designated pattern I (1) . Observations on patients (1) and experimental animals (2) strongly suggest that the principal mechanism responsible for the observed synchronization of the atria and ventricles depends on the concomitant cyclic fluctuations in the arterial blood pressure (P a ). The proposed mechanism may be rep- Block diagram of the biological control system which tends to produce atrioventricular synchronization in isorhythmic A-V dissociation of the electrocardiographs pattern I type. S.V. = stroke volume; TPR = total peripheral resistance; BARO. -baroreceptor. pacemakers determines the P-R interval (Fig.  1) . The stroke volume is, in turn, a function of the P-R interval. This function is such that stroke volume is enhanced as P-R increases from zero to some optimum value; stroke volume then decreases to some basal value as the P-R interval becomes more prolonged and then remains fairly constant at this basal level over the remainder of the range of P-R intervals (3, 4) . For a given R-R interval and total peripheral resistance, stroke volume determines the level of P a . The P a> acting principally through the baroreceptor reflex, regulates the P-P interval. This completes the control loop, as shown in the figure. The time constant for the relation between P a and stroke volume is determined by the product of total peripheral resistance and the arterial capacitance (C a ). Also, there is a significant time delay between the onset of a change in P-R interval and the resulting change in P-P interval because of arterial pulse transmission times, impulse transmission times in the afferent and efferent neurons, synaptic delays, diffusion times for the neurohumoral transmitters, and latencies of the receptor and effector cells.
To test the hypothesis embodied in the block diagram in Figure 1 and to gain insight into the interactions among the various components of the system, this biological feedback control loop was modeled on an analog computer.
Methods
The feedback control model represented by the block diagram of Figure 1 was implemented on a parallel logic analog computer (EAI 580). The computer program for this model is shown in Figure 2 . The fixed R-R interval (to simulate complete heart block with fixed-rate ventriculai pacing) was determined by potentiometer (pot) 00, which established the initial condition for integrator 00. The basal P-P interval (c 1( the interval for P a = 0) was determined by pot 09, which established the initial condition for integrator 50. The frequency of the P-P interval generator (integrator 50) was modulated by the analog of P a (output of integrator 70). The gain, c 2 of the P a influence on the P-P interval (baroreceptor reflex gain) was established by pot 07. Hence, (P-P) = Cl + c 2 P a .
The portion of the program located near the top of Figure 2 simulated the behavior of the left ventricle, arterial system, and resistance vessels. The time rate of change of arterial blood volume Analog computer program used to simulate the biological control system depicted by the block diagram in Figure 1 . (V a ) equals the rate of entry of blood into the arterial system (i.e., the cardiac output, q j minus the rate of peripheral runoff (q 0 ). Thus, a = q, -q 0 .
(1)
In the model, the arterial capacitance, C a , was considered to be constant; i.e., independent of P n and V a . By definition, C a = dV a /dP a . Hence, V a = C a P a .
Substituting into equation 1, C a P a = q, -q 0
The peripheral resistance, R, in the model was also considered to be independent of P n and V a . By definition: R = ( P a -P T ) / q 0 .
(4)
For convenience, the venous pressure, P v , was assumed to be zero. Hence,
C a P a = q , -(P./R).
(6) Equation 6 was simulated by operational amplifier 58, integrator 70, inverter 72, and pots 55 and 56 (Fig. 2 ). The output of integrator 70 yielded P a , pot 55 established C a , and pot 56 set Figure  2 . This function was shaped to simulate that obtained experimentally by Brockman (3, 4) . The gain of this function was set by pot 02, as described previously (2) . The value of qj (output of summer 08) served as an input to amplifier 58, either without delay (function relay FR 05 in reset state) or with a one-beat delay (FR 05 in set state).
Results
The operation of the computer model can be appreciated from the record shown in Figure 3 . The R waves were generated at a fixed frequency, and each occurred at the end of the negative slope region of the function, as indicated by the arrows in the second tracing from the top. The P waves (output of C 03, Fig. 2 ) occurred at variable intervals, depending on the prevailing arterial pressure. The ordinate value of the function at the time of occurrence of each P wave determined the cardiac output (output of summer 08, Fig.  2 ). In Figure 3 , the first P wave was coincident with the R, and each successive P wave occurred at a progressively greater interval before the corresponding R. Since all P waves but the last fell at times yielding progressively greater ordinate values on the negative slope region of the function, the cardiac output increased progressively. The last P wave occurred just beyond the peak of the function (near the top of the positive slope region), and hence the cardiac output began to decrease. Because the delay was included in the feedback loop (FR 05 in the set state) during the registration of this tracing, there was an obvious phase lag between cardiac output and arterial pressure; i.e., arterial pressure did not begin to rise immediately when cardiac output increased, and did not begin to fall immediately when cardiac output decreased. The effects of increasing the ventricular pacing frequency in steps of 1.2 beats/min are shown in Figure 4 , which was recorded at a slower paper speed than Figure 3 . At a ventricular pacing frequency of 66.0 beats/min (near the left edge of the tracing), there was a steady increase in the P-St interval (time from the beginning of the P wave to the beginning of the pacing stimulus) in successive cardiac cycles, indicating that each P-P interval was less than the St-St interval. Every 7 or 8 beats, the P-St interval changed abruptly from a maximum value slightly less than the St-St interval to a minimum value slightly greater than zero, denoting that the P wave crossed the St in the direction from right to left; this is indicated by the vertical lines in the P-St tracing.
Increasing the ventricular frequency to 67.2 beats/min ( Fig. 4 ) decreased the slope of the P-St tracing, but still did not produce synchronization. This indicates that the P-P intervals were still less than the St-St intervals, but that the disparity was less than at the ventricular frequency of 66 beats/min. However, when the ventricular frequency was subsequently increased to 68.4 beats/min, the P waves began to oscillate rhythmically back and forth across the St. In the P-St interval tracing, this was manifested as a brief (3 to 5 cardiac cycles) increase in P-St interval from near zero to some maximum value (usually less than 200 msec) and then a decrease back to zero over the next 3 to 5 heart beats. Such periods, in which the P-St tracing is paraboloid and convex upwards, have been designated "positive P-St periods" (2). The positive P-St periods were terminated by a sudden shift to a P-St interval of a much larger value, approximately equal to the St-St interval. This sudden shift in the P-St interval tracing signifies that the P wave had just passed to the right of the St; the large value indicates that the P lies far to the left of the ensuing St (but just to the right of the preceding St). The P-St interval then decreased for the next few beats as the P wave moved progressively further to the right of the preceding St, until some minimum P-St value (100 to 200 msec less than the St-St interval) was attained. As the P moved back toward the St again, the P-St interval increased until the P-St approximately equaled the St-St interval. Such periods, in which the configuration of the P-St tracing was paraboloid and convex downward, have been designated "negative P-St periods" (2) . At the end of the negative P-St period, the P-St tracing shifted suddenly downward, to indicate that the P had just passed to the left of the St, and that the P-St interval was again nearly zero.
During the rhythmical oscillation of the P about the St at the ventricular frequency of 68.4 beats/min ( Fig. 4 ), the P frequency was greater than the St frequency as the P moved left relative to St, and the P frequency was less than the St frequency as the P moved right relative to the St. Averaged over a long time interval, however, the P and St frequencies were equal; i.e., the atria and ventricles were synchronized. This resembled the changes in P-St interval observed during isorhythmic dissociation in experimental animals (2) and in patients with the pattern I type of this arrhythmia (1). The cyclic changes in P-St interval were associated with changes in the analogs of arterial pressure and cardiac output ( Fig. 4 ). Just prior to the establishment of sustained synchronization, there was a transient but prominent change in the slope of the P-St tracing, indicating a tendency toward synchronization; i.e., there was a brief episode of "accrochage" when the ventricular frequency was first changed to 68.4 beats/min. This phenomenon has also been observed in patients (5) and in experimental animals (2) .
Successive increases in ventricular frequency to 69.6 and 70.8 beats/min ( Fig. 4) were still accompanied by synchronization, as manifested by the alternating positive and negative P-St periods. Thus, on the average, the mean atrial frequency had increased to equal the greater ventricular frequencies. It is apparent that at these higher frequencies (e.g., 70.8 beats/min), the mean arterial pressure and mean cardiac output were not as great as at the lowest frequency at which synchronization occurred (68.4 beats/min). Also, the maximum values of the P-St interval during the positive P-St periods were greater at the lower than at the higher synchronizing frequencies.
In Figure 4 , the maximum P-St intervals during these phases were 250 to 300 msec at a ventricular frequency of 68.4 beats/min, but Circulation Research, Vol. XXVIII, January 1971 the maximum P-St intervals were only 100 msec at a frequency of 70.8 beats/min. When the ventricular frequency was subsequently increased to its maximum value of 72.0 beats/min, there was a brief period of accrochage (characterized by a tendency for the P-St interval tracing to attain a plateau), and then synchronization ceased. Thereafter, the repetitive slopes of the P-St interval tracing were negative, indicating that the ventricular frequency was consistently greater than the atrial frequency. Subsequent reduction of the ventricular frequency to 70.8 beats/min (near the right border of Fig. 4 ) again evoked synchronization.
The role of the magnitude of the change in arterial pressure as a function of the P-St interval was assessed in the experiment shown in Figure 5 model, under a given set of experimental conditions, it was necessary for the function gain to exceed a certain critical value before synchronization developed. When the atria and ventricles were synchronized, the peak values of the P-St intervals during the positive P-St periods decreased progressively, as the function gain was increased. This will be described in more detail below, when the effects of variations in function gain are examined in the absence of the one-beat delay.
During synchronization, the rhythmic oscillations of P disappeared when the delay in the control loop was excluded (by resetting FR 05, Fig. 2 ). In the record displayed in Figure  6 , the delay was incorporated in the control loop in that portion of the tracing to the left of the first arrow. The atria and ventricles were synchronized, and P oscillated entirely to the left of St, as in Figure 5 , gain 3. At the left arrow in Figure 6 , the delay was excluded and the P-St oscillations were quickly damped. At the right arrow, the delay was again introduced, and the oscillation of P-St slowly increased to the original amplitude.
When the function gain was varied as in Figure 5 but the delay was excluded, a critical amplitude of the function was still necessary to achieve synchronization. The critical amplitude depended on the other system parameters, notably the concomitant gain of the baroreceptor reflex. In Figure 7 , the function gain was diminished stepwise, and synchronization ceased when the function gain setting was decreased to 2 units (near the right edge of record). Over the range of gains which resulted in synchronization, it is apparent that the arterial pressure remained constant except for small perturbations while the gain was being changed. Also, for each decrement in gain, there was a small increment in the P-St interval.
The effects of changing the baroreceptor gain (i.e., the steady-state change in P-P interval per unit change in arterial blood pressure) on the tendency toward synchronization are illustrated in Figures 8 and 9 . As the baroreceptor gain setting (pot 07 in Fig.  2 ) was increased from 0.375 to 0.400 and then to 0.425 units, it is apparent from Figure 8 that the atria and ventricles were not synchronized. The P-St interval progressively increased in successive cardiac cycles, until P passed to the left of St; the P-St then decreased abruptly to some value near zero, to begin its stepwise increase again. As the gain settings were increased from 0.375 to 0.400 and then to 0.425, there was a progressive reduction in the slopes of the P-St interval tracing, indicating a progressive increase in P-P intervals, with a consequent diminution in Changes in the analogs of the arterial blood pressure and P-St interval during an ascending, then descending, sequence of changes in gain of the baroreceptor reflex. The arbitrary units of the baroreceptor gain represent setting of pot 07 (Fig. 2) . Note that synchronization prevails at gain settings of 0.425 and 0.400 during the descending sequence of changes in gain, whereas synchronization did not occur at these same gain settings during the ascending sequence of changes. One-beat delay is included. Time marker as in Figure 5 .
the disparity between P and St frequencies.
When the baroreceptor gain setting was increased to 0.450, synchronization was finally established. Synchronization was manifested at first by positive P-St periods alternating with very brief negative P-St periods. After two such alternating cycles, P oscillated entirely to the left of St so that the P-St interval varied within the range of 0 to 150 msec. With subsequent reduction in the gain setting to 0.425 and 0.400 units, synchronization persisted, even though the atria and ventricles had failed to synchronize at these same gain settings during the ascending sequence of changes in gain. A similar phenomenon was observed under analogous conditions in the experimental model ( Fig. 9,  ref. 2). In the animal experiments, the change in baroreceptor gain was simulated by changing the frequency of efferent vagal stimulation per unit change in arterial pressure.
Over the range of baroreceptor gains which resulted in synchronization, the mean P-St interval and arterial pressure increased as the baroreceptor gain was decreased. This is apparent in Figure 9 , in which the baroreceptor gain setting was changed in decrements of 0.025 units from a maximum of 0.550. Similar changes in P-St interval were also apparent in the analogous experiment in the dog (Fig. 9,  ref. 2).
Discussion
The analog computer model described in this paper incorporates a simplified schema of the systemic circulation. The model was formulated to demonstrate the interactions among the various essential components of the biological feedback control loop involved in isorhythmic dissociation and to illustrate the principal factors which govern the stability of synchronization. In general, the transfer functions for all components were simplified mathematically, and several components of the complete biological control system were ignored for the sake of simplicity. For example, the reflex change in heart rate was treated as a linear function of mean arterial pressure; the well-known responsiveness of the baroreceptors to the time rate of change of pressure was neglected. Also, the other components of the baroreceptor reflex response, such as the changes in arterial and venous tone and in myocardial contractility, were not incorporated into the model. Finally, an attempt was made to model only that which was considered to be the principal controlling mechanism. Other synchronizing mechanisms may also be playing an auxiliary role, and these have been considered in detail in a previous publication (1) .
The results of this analog computer simulation have shown that two separate oscillators will synchronize when there is appropriate feedback of the phase difference to at least P -S l IMSEC )
BARO. CAIN

FIGURE 9
Changes in the analogs of the arterial blood pressure and P-St interval during a descending sequence of baroreceptor reflex gains. One-beat delay is included. Time marker and gain setting units as in Figure 8 . one of the oscillators. In the model, there was no feedback to the oscillator corresponding to the ventricular pacemaker, whereas the frequency of the oscillator corresponding to the S-A node was influenced by the analog of the arterial blood pressure. This model is therefore analogous to the situation in complete A-V block with ventricular pacing. In other forms of A-V dissociation without complete block, the condition would be simulated more precisely by having both oscillators affected by the feedback, but with disparate effects on the two oscillators (usually a much greater influence on the S-A node than on the ventricular pacemaker). In the model, the analog of the stroke volume was a function of the phase difference between the two oscillators; i.e., a function of the P-R (or P-St) interval. As shown in Figure   3 , this function was such that stroke volume increased as the P-R interval increased from 0 to about 100 to 150 msec. When the atria and ventricles were synchronized, the mean P-R interval was within this range of values (i.e., the P wave occurred during the negative slope portion of this function). During the course of the oscillation of the P-R interval, however, the excursions of the P wave extended briefly beyond the negative slope region of the function in both directions.
The restriction of the mean locus of the P wave to the negative slope portion of the function is ascribable to negative feedback, as may be appreciated by referring to Figure 10 . Comprehension will be facilitated by considering the simpler situation first, namely that in which the delay (Fig. 1) is excluded from the control loop. During synchronization, the position of the P wave will then not oscillate relative to the position of the R wave (Fig. 6 ). Consider the situation in which the atria and ventricles are synchronized, and the P wave is located at a stable position (P s , Fig. 10 ) in the cardiac cycle, relative to the R wave. During such stable synchronization, the P-R interval will remain constant from beat to beat. Thus, in diagram A (Fig. 10 ), PiRi = P 2 R 2 = P s R 8 . Now consider a brief perturbation, such that the P wave (P A , Fig. 10 ) occurs somewhat prematurely during the fourth beat. P A R4 will exceed the previous constant P-R intervals. If the ordinate value of the function at P A is greater than at P s , then stroke volume will be augmented, arterial pressure will rise, and through the feedback control loop, the subsequent P-P interval will be prolonged.
The location of the next P wave (P B , Fig.  10 ) in the cardiac cycle will be determined by the dynamic gain of the control loop. The closed-loop gain of this system is defined as the ratio of the change in duration of the subsequent cycle to the change in duration of the originally perturbed cycle; i.e., in the above example, the gain, G, equals ( P A PB -P I P 2 ) / ( P S P A -P J P 2 ) -In diagram A of Figure  10 , if -K G < 0 , then P B would occur earlier than the regularly scheduled P wave Circulation Research, Vol. XXV111, January 1971 ISORHYTHMIC DISSOCIATION 31 (P 5 ), but P B P 5 <P A P4. Thus, in subsequent beats, the P waves would gradually become less premature, and the P wave would gradually approach the stable position (Ps) from the direction of the perturbation. Conversely, if the P wave was momentarily delayed (Pc in diagram B), and if -1 < G < 0, then the subsequent P wave ( P D ) would be less delayed, and the P waves would progressively approach the stable position (P g ) from the direction of that perturbation. If the closedloop gain, G, precisely equaled -1 and if there were no delay, then any perturbation would be exactly corrected in 1 beat, as long as P s and the perturbed P were located on the negative slope region of the function. For gains -2 < G < -1, any perturbation located on the negative slope region of the function would be overcorrected by an amount which would translate the subsequent P wave to the opposite side of the stable site (Ps) but at an absolute distance beyond Ps which was less than the absolute magnitude of the displacement produced by the original perturbation. For example, a perturbation to site P A (upper diagram, Fig. 10 ) would elicit a displacement to PR on the subsequent beat, then to a site between P n and P s on the next beat. This process would continue, with each subsequent P wave crossing stable site Ps, but at ever-diminishing distances from P s .
For gain G = -2, a perturbation within the limits of the negative slope region would result in a sustained oscillation, with the P wave alternating about P s by a fixed interval. For G < -2, the negative feedback would be excessive, and sustained synchronization would not be possible. Loss of synchronization at excessive function gains was observed in experiments on dogs (2) and in the present studies on the analog computer model, although records showing this phenomenon have not been included.
It is also true that synchronization cannot persist while the P wave occurs during the positive slope region of the function, because positive feedback occurs under these conditions. In Figure 10 , T v represents a P wave situated at an unstable equilibrium site. The
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stroke volume for interval P 0 R is the same as for PsR, since Pu and Ps both exist at the same ordinate value (vertical height) on the function. Hence, the arterial pressures and P-P intervals would also be equal. However, synchronization would be stable with P situated at P s (for G > -2 ) , but unstable with P located at P D , for the following reason. In diagram C of Figure 10 , consider an equilibrium situation such that P] 5 Ri 5 = PieRir, = P 17 R 17 . Let the fourth P wave occur slightly prematurely; i.e., at P H . Hence, P B Ri S would be slightly prolonged. On the positive slope region of the function, this would diminish stroke volume, which would then cause a fall in the arterial pressure. Through the baroreceptor reflex, this would accelerate the S-A node, and the next P wave (Pp) would occur even more prematurely than P E . Hence on the positive slope region of the function, any slight perturbation from the unstable equilibrium position (Pn) would result in a progressively greater displacement of subsequent P waves. As diagram D of Figure 10 shows, the same positive feedback mechanism would apply to a slight perturbation in the direction of a delayed P wave (e.g., P G ). The displaced P waves would ultimately occur during the negative slope region of the function. If conditions were appropriate, stable synchronization would then develop.
The reason for the rhythmic oscillations in the P-R interval when there is a significant delay in the control loop (e.g., Figure 6 ) can also be appreciated by referring to the diagram at the top of Figure 10 . Consider again the stable control interval, P S R located on the negative slope region of the function. As a simple illustration, let the delay be exactly one beat in duration, and let the closed-loop gain be precisely -1. Let the P wave be suddenly displaced from Pg to Po-Stroke volume and arterial pressure will diminish, but the duration of the next P-P interval will be unaffected, because of the onebeat delay in the transmission of the signal to the S-A node. Hence, the next P wave also will occur at point P o in the subsequent cardiac cycle. By the following beat, the diminished 32 LEVY, ZIESKE STROKE VOLUME Schema to illustrate why the P-R interval increases when the function gain decreases.
arterial pressure will finally have resulted in an acceleration of the S-A node. With a closed-loop gain of -1, the error will be corrected exactly, and so the next P wave will again occur at Ps. Stroke volume and arterial pressure will again return to the stable equilibrium level. However, by virtue of the one-beat delay in producing the appropriate change in the P-P interval, the next P-P interval will still be less than the mean stable value, and therefore the next P wave will occur earlier than P s , i.e., at P A . Stroke volume and arterial pressure will then increase to levels greater than the stable level, and after a one-beat delay, this will result in displacement of the P wave first to P s and then to P c again. This oscillation will continue indefinitely, as long as the above conditions are sustained.
During synchronization, the mean level of the P-R (or P-St) interval becomes progressively less as the gain of the arterial pressure function (i.e., AP D /A(P-St) is increased. This is apparent in records (Fig. 7 ) from the computer model in the present study, as well as in those obtained in animal experiments (Fig. 6, ref. 2). The diagram in Figure 11 helps explain this phenomenon. Consider a stable synchronization, with function gain A and with the P wave situated at Pi, during the negative slope portion of the function. Since there is stable synchronization, the PiR interval results in a stroke volume and arterial pressure which evoke the P^ interval which just equals the constant R-R interval. If the gain is then reduced to B (Fig. 11 ), then the same PiR interval (open circle on gain B function) would be associated with a reduction in stroke volume (lower ordinate value) and arterial pressure. This in turn would accelerate the S-A node. The P wave would then be displaced to the left of Pi-As it occurred earlier and earlier on the negative slope of function B, stroke volume and arterial pressure would progressively increase. When the P wave occurred at interval P^R, then stroke volume and arterial pressure would again equal those respective values associated with interval PiR on function A, since points Pi and P 2 have the same ordinate values on their respective functions. The P^Po interval would then equal the R-R interval and stable synchronization would again ensue. At the lower gain (B), P 2 R would be greater than the corresponding interval (PiR) at the higher gain (A).
A similar process of reasoning will explain the variations in P-R (or P-St) interval and arterial pressure with changes in gain of the baroreceptor reflex (e.g., Fig. 9 ). In Figure  12 , consider synchronization with a stable PiR interval. At this interval, the stroke volume and arterial pressure are at the appropriate values to produce a level of cardiac neural activity such that the PiPi interval will be equal to the R-R interval. If the baroreceptor reflex gain is suddenly diminished, then at that same level of arterial pressure, efferent vagal activity will diminish and sympathetic activity STROKE VOLUME Schema to illustrate why the P-R interval and arterial blood pressure vary inversely as the gain of the baroceptor reflex, and why the cardiac output and arterial blood pressure vary inversely as the ventricular pacing frequency.
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ISORHYTHMIC DISSOCIATION 33 will increase. The S-A node will accelerate, and hence the P-R interval will begin to increase. As the P moves to the left with respect to R but still remains within the limits of the negative slope region of the function, stroke volume and arterial pressure will progressively increase. Hence vagal activity will increase and sympathetic activity will diminish. If the baroreceptor gain is still adequate to achieve synchronization and other factors remain constant, then the P wave will settle at some new point, P 2 , still within the limits of the negative slope region of the function, but earlier than Pi. At point P 2 , the stroke volume and arterial pressure will be greater than the respective values at Pi. Since the baroreceptor gain is now less, the efferent cardiac neural activities will be the same under the two experimental conditions (represented by intervals P^ and P 2 R), and hence the P-P intervals at the two baroreceptor reflex gains will be equal to each other, and also equal to the constant R-R interval.
Similarly, for given system gains, the cardiac output and arterial pressure will be greater when synchronization is achieved with a lower than with a higher ventricular pacing frequency (Fig. 4 ). This may be of practical interest in selecting a ventricular pacing frequency for a patient with complete heart block, particularly since the relationship is the inverse of that which might be anticipated intuitively. Referring again to the diagram in Figure 12 , let P a R be a stable P-R interval during synchronization. At this P-R interval, stroke volume will have a given value, as represented by the ordinate value on the function. Now let the frequency of ventricular pacing be diminished. Since the P-P interval will now be less than the R-R interval, the P wave will occur prQgr&ssiv&ly earlier in successive cardiac cycles. Hence it will be coincident with a higher and higher portion of the negative slope region of the function. As stroke volume increases, the arterial pressure will rise, and hence the P-P interval will become prolonged. If the new, lower ventricular pacing frequency is still compatible with synchronization, then the P wave will stabilize at a point P 2 , which is coincident with a greater ordinate value of the function. Under these conditions, the elevated stroke volume and arterial pressure will elicit a longer P-P interval, which will just equal the longer pacing interval.
